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Abstract 

In the framework of the 3 Po meson decay model, the strong decays of the 3 1 5'o and 4 1 So 
ss states are investigated. It is found that in the presence of the initial state mass being 
2.24 GeV, the total widths of the and 4 1 S ss states are about 438 MeV and 125 

MeV, respectively. Also, when the initial state mass varies from 2220 to 2400 MeV, the 
total width of the 4 1 Sq ss state varies from about 100 to 132 MeV, while the total width 
of the 3 1 5o ss state varies from about 400 to 594 MeV. A comparison of the predicted 
widths and the experimental result of (0.19 ± 0.03i°;og) GeV, the width of the ?7(2225) with 
a mass of (2.24+°'q2+q 02) GeV recently observed by the BES Collaboration in the radiative 
decay J/i/j — ► 7</></> — * 'yK + K~ KgKl, suggests that it would be very difficult to identify the 
77(2225) as the 3 1 S'o ss state, and the 77(2225) seams a good candidate for the 4 1 5'o ss state. 
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1 Introduction 

Experimentally, a low-mass enhancement in J/ip radiative decays J/ip j(f>4> at 2.25 GeV 
with a clear pseudoscalar assignment was first reported by the DM2 Collaboration]!]. Subse- 
quently, the DM2 Collaboration [2] and the MARK III Collaboration [3] gave the evidence of 
a resonant (jxp production around 2.2 GeV, preferably pseudoscalar, also in J/ip — > 700. A 
fit to the 4>(f> invariant-mass spectrum gave a mass of (2230 ± 25 ± 15) MeV and a width of 
(150^60° ^ 60) MeV[3]. An angular analysis of the (fxf) signal found it to be consistent with a 
h [77(2225)] assignment. The nature of the 7/(2225) is unclear. Possibilities of the nature of 
the 77(2225) include the second and third radial excitations of the pseudoscalar meson 77', hybrid, 
glueball or multiquark state. However, the large uncertainty of the width of the 7/(2225) leads 
to that the theoretical interpretations perhaps remain open. 

Recently, based on the 5.8 x 10 J ftp events collected in the BESII detector, the radiative 
decay J/ip — > j(f>4> — > jK + K~KgK^ was analyzed by the BES Collaboration, and a near- 
threshold enhancement was found in the 4>(f> invariant mass distribution at 2.24 GeV with a 
statistical significance larger than 10 a. A partial wave analysis shows that this structure is 
dominated by a 0~+ [7/(2225)] with a mass of (2.24±g;^±g;g|) GeV and a width of (0.19 ± 
0.03±g;g|) GeV, and the production branching fraction is Br(J/^ -► 77/(2225))Br(7/(2225) -► 
= (4.4 ± 0.04 ± 0.8) x 10 [4]. The improved measurements of the 7/(2225) performed by 
the BES Collaboration maybe open a window for revealing the nature of the 7/(2225). 

It is very important to exhaust possible conventional qq description of the 7/(2225) before 
resorting to more exotic interpretations such as hybrid, glueball or multiquark state as mentioned 
above. In the present work, we shall focus on the possibility of the 7/(2225) being the ordinary 
pseudoscalar qq state. From PDG2006[7], the l 1 ^ meson nonet (ir, 7/, 77' and K) as well as 
the 2 1 5o members [7r(1300), 7/(1295) and 7/(1475)] have been well established. In our previous 
work[8], we suggested that the tt(1800) and K(1830), together with the X(1835) and 7/(1760) 
observed by the BES Collaboration [5, 6], constitute the 3 1 5o meson nonet. Theoretically, both 
the second [9] and third [10] radial excitations of the 77' are predicted to lie in the mass range of 
the 7/(2225). The main purpose of this work is to evaluate the widths of the 3 1 Sq and 4 1 5b ss 
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states in the 3 Po meson decay model, and then check which of these two pictures can reasonably 
account for the total width of the 77(2225). 

The organization of this paper is as follows. In section 2, the brief review of the 3 Pq decay 
model is given (For the detailed review see e.g. Refs.fll, 12, 13, 14].) In section 3, the decay 
widths of the 3 1 Sq and 4 1 Sq ss states are presented, and the summary and conclusion are given 
in section 4. 

2 The 3 Po meson decay model 

The 3 Pq decay model, also known as the quark-pair creation model, was originally introduced 
by Micu[15] and further developed by Le Yaouanc et al. [11]. The 3 Pq decay model has been 
widely used to evaluate the strong decays of hadrons[16, 17, 18, 19, 20, 21, 22, 23, 24, 25], since 
it gives a good description of many of the observed decay amplitudes and partial widths of the 
hadrons. The main assumption of the 3 Pq decay model is that strong decays take place via the 
creation of a 3 Pq quark-antiquark pair from the vacuum. The new produced quark-antiquark 
pair, together with the qq within the initial meson regroups into two outgoing mesons in all 
possible quark rearrangement ways, which corresponds to the two decay diagrams as shown in 
Fig.l for the meson decay process A — ► B + C. 



B B 



C C 



(a) (b) 
Figure 1: The two possible diagrams contributing to A — > B + C in the 3 Po model. 

The transition operator T of the decay A — ► BC in the 3 Pq model is given by 

T = -3 7 £<lml - m|00> / d 3 p 3 d 3 p 4 6 3 (p 3 + f 4 )y^ (^^) X ^_ m 4^bl^ 3 )d\(p 4 ) , (1) 

where 7 is a dimensionless parameter representing the probability of the quark-antiquark pair 
Q3Q4 with J PC = ++ creation from the vacuum, p 3 and p 4 are the momenta of the created 



quark 53 and antiquark (74, respectively. 4>q , cjq , and Xi-m are the flavor, color, and spin 
wavefunctions of the (73(74, respectively. The solid harmonic polynomial y™(p) = [p^Y^^Op, 4> p ) 
reflects the momentum-space distribution of the (73(74 . 

For the meson wavefunction, we adopt the mock meson \A(ti a 2Sa+1 L a j a m Ja ){Pa)) defined 
by[26] 

\A(n A 2SA+l L A j AMjA ){P A )) = ^2E~ A Y. (LaM La S a M Sa \J a M Ja ) 

Ml a Ms a 

X J d 3 p A ^ nA L A M LA {PA)x l S A M SA <t>AU A 
><\qi(^PA+PA)q2(^- 2 PA-pA)), (2) 

where mi and 7712 are the masses of the quark qi with a momentum of p\ and the antiquark q 2 
with a momentum of p 2 , respectively. n A is the radial quantum number of the meson A composed 
of <Zi<Z2- S A = s qi + s q2 , J A = L A + S A , s gi (s q2 ) is the spin of q\ ((72), L A is the relative orbital 
angular momentum between qi and q 2 . P A = pi+p 2 , p A = {L a M La S a M Sa \J a Mj a ) 
is a Clebsch-Gordan coefficient, and E A is the total energy of the meson A. x}s a m Sa > > w i 2 ' an< ^ 
'4 , n A L A M LA (pa) are the spin, flavor, color, and space wavefunctions of the meson A, respectively. 
The mock meson satisfies the normalization condition 

(A(n A 2S * +1 L A j AMjA )(P A )\A(n A 2S * +1 L A j a m Ja )(P'a)} = 2E A S 3 (P A - P' A ). (3) 

The ^-matrix of the process A — > BC is defined by 

(BC\S\A) =1- 2tti6(E a - E B - E C )(BC\T\A), (4) 

with 

(BC\T\A) = 5 3 (P A -P B - Pc)M Mj a m Jb m -'c , (5) 

where M Mj a Mj b Mj c is the helicity amplitude of A — > SC. In the center of mass frame of 
meson A, M Mj a Mj b Mj c can be written as 

M Mj a Mj b m ->c(P) = 1 ^SE A E B E C ]T (L a M La S a M Sa \J a Mj a ) 

M La ,M.5 a , 

m Lb ,m Sb , 

M Lc ,Ms c ,m 
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x (L b M Lb S b M Sb I J b M Jb ) (L c M Lc S c M Sc \ J c M Jc ) 



x(lml - m\00)(xhlM SB Xs c M s JXs A M SA XT- m ) 

x \SiI{P, mi, ma, m 3 ) + (-1) 1+5a+5s+5c / 2 /(-P, m ^ mi ,m 3 )}, (6) 

with /i = (cf) B </)(? \(p A 2 4>q A ) and f 2 = (^s I^A^O 4 )' corresponding to the contributions from 
Figs. 1 (a) and 1 (b), respectively, and 

I(P,m 1 ,m 2 ,m 3 ) = J >^* flLflAfifl (_^a_P B + ^ cLcMl J-^-P b + f) 

X^n A L A M LA (P B +p)ynP), (7) 

where P = P B = — -Pc , p = Ps, m 3 is the mass of the created quark q 3 . 
The spin overlap in terms of Winger's 9j symbol can be given by 



(Xs b m Sb xF c M Sc \x 1 s a m Sa Xi-m) - 

(S b M Sb ScM Sc \SMs)(S a M Sa 1 - m\SM s ) 

S,M S 



{-l) Sc+1 ^{2S A + 1){2S B + 1)(2S C + 1) < 



5a 



1 i 

2 2 

1 I i 

2 2 1 

S B Sc S 



(8) 



In order to compare with experiment conventionally, JV[ Mj a Mj b Mj c (P) can be converted 
into the partial amplitude by a recoupling calculation [27] 

M LS (P) = £ (LM L SM s \J A Mj A }(J B Mj B J c Mj c \SM s ) 

M Jb ,Mj c , 



M s , Ml 



x / dnYZ Mr M Mj A M JB M J C (p) 



(9) 



If we consider the relativistic phase space, the decay width T(A — ► SC) in terms of the partial 
wave amplitudes is 



^P 

4^1 £ , 



L5I2 



(10) 



Here P = |P| = VEH^+F^HM^n ^ M A , M B , and M c are the masses of the meson 



A, B, and C, respectively. 



The decay width can be derived analytically if the simple harmonic oscillator (SHO) ap- 
proximation for the meson space wave functions is used. In momentum-space, the SHO wave 
function is 



^ulmM = R s n T(p)Y LML (n p ), (ii) 



where the radial wave function is given by 



-l) n (-i) L I 2^1 fp\ L l+± 2 



Here (3 is the SHO wave function scale parameter, and L n 2 {ji) is an associated Laguerre 
polynomial. 

The SHO wave functions can not be regarded as realistic, however, they are a de facto 
standard for many nonrelativistic quark model calculations. Moreover, the more realistic space 
wave functions such as those obtained from Coulomb, plus the linear potential model do not 
always result in systematic improvements due to the inherent uncertainties of the 3 Po decay 
model itself [17, 18, 20]. The SHO wave function approximation is commonly employed in the 
3 Po decay model in literature. In the present work, the SHO wave function approximation for 
the meson space wave functions is taken. 

3 Decays of the 3 1 S'o and 4 1 S'o ss states in the 3 Pq model 

Under the SHO wave function approximation, the parameters used in the 3 Po decay model 
involve the qq pair production strength parameter 7, the SHO wave function scale parameter (3, 
and the masses of the constituent quarks. In the present work, we take 7 = 6.95 and (3 = 0.4 
GeV, the typical values used to evaluate the light meson decays[18, 19, 20, 21, 22, 23]\ and 
iTiu = md = 0.33 GeV, m s = 0.55 GeV [24]. Based on the partial wave amplitudes listed in the 
Appendixes A and B, and the flavor and charge multiplicity factors shown in Table 2, from (10), 
the numerical values of the partial decay widths of the 4 1 S'o and 3 1 Sq ss states are listed in 



x Our value of 7 is higher than that used by other groups such as [20, 21, 22, 23] by a factor of \/96ty due to 
different field conventions, constant factor in T. etc. The calculated results of the widths arc, of course, unaffected. 
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Table 1. The initial state mass is set to 2.24 GeV and masses of the final mesons are taken from 
PDG2006[7] except for the K(2 3 Si) mass 2 . 



Table 1: Decays of the 4 1 S U and 3 1 So ss states in the 3 Po model (In McV). The initial state mass is 
set to 2240 MeV. 



Mode 


KK* 


K*K* 


KK$(1430) KK$(143Q) 


KK* (1580) KK* (1680) <fxf> 




9.1 


0.5 


1.5 43.5 


56.9 1.0 12.6 


IM3%) 


26.4 


8.1 


0.1 173.3 


138.2 0.0 92.6 






r(4 1 5 ) 


= 125.1, r(3 1 S* ) = 438.7, 


r,(2225) = (190 ±30^°) 



Gamma MeV Gamma MeV 

140r 800r 




Figure 2: The total widths of the 4 1 5 , and 3 1 5o ss states dependence on the initial state mass in the 
3 Po decay model. 



Table 1 indicates that the total width of the i So ss state with a mass of 2.24 GeV predicted 

by the 3 Po decay model is about 125.1 MeV, consistent with the experimental result of r j) ( 2 225) = 

(0.19±0.03±o;og) GeV within errors, but the total width of the 3 1 So ss state with a mass of 2.24 

GeV is predicted to be about 438.7 MeV, incompatible with the measured width of the 77(2225). 

Also, in order to check the dependence of the predicted results on the initial state mass, the 

variation of the total widths of the 4 1 5o and 3 : 5o ss states with the initial state mass is shown 

in Fig. 2. From Fig. 2, we can see that when the initial state mass varies from 2220 to 2400 

MeV, the total width of the 4 1 Sq ss state varies from about 100 to 132 MeV, lying in the width 
2 The assignment the A"* (1410) as the 2 3 Si kaon is problematic [23, 28]. Quark model[29] and other phe- 
nomenological approaches [30] consistently suggest the 2 3 Si kaon has a mass about 1580 MeV, here we take 1580 
MeV as the mass of the 2 3 Si kaon. 
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Figure 3: The partial widths of the 4 1 Sq and 3 1 Sq ss states dependence on the initial state mass in the 
3 P Q decay model. chl=K*K*, da2=KK$(143Q), ch3=K K*(16B0)K, ch4=ifK|(1430), cb5=KK* (1580), 
ch6=6(h and chl=KK*. 



range of the ^(2225), while the total width of the 3 1 Sq ss state varies from about 400 to 594 
MeV, far more than the width of the 77(2225). Therefore, it would be very difficult to identify 
the 7/(2225) as the 3 1 So ss state, but the assignment of the 77(2225) as the 4 1 So ss state seams 
reasonable for accounting for the total width of the 77(2225), assuming the 3 P 

meson decay 

model is accurate. 

The variation of the partial decay widths of the 4 1 5'o and ss states with the initial 

state mass is also shown in Fig. 3. For both 4 1 So and 3 l S$ ss states, the partial widths of the 
modes cfxj) and KK* depend weakly on the initial state mass, while the partial widths of the 
modes K*K* and 7^^(1430) vary dramatically with the initial state mass, and the iT.ff|(1430) 
and K K* (1580) modes always have a sizable branch ratio in the mass region of the 77(2225) . 
It is interesting to note that, in the mass region 2.22 ~ 2.40 GeV, T(3 1 S KK* (1680)) is 
almost MeV, while T(4 1 5 -> KK*(1680)) varies from 0.15 MeV to 5.8 MeV. 

4 Summary and conclusion 

The strong decays of the 3 1 So and 4 1 S'o ss states in the 3 Po meson decay model indicates 
that if the initial state mass is set to 2.24 GeV, the central value of the 7/(2225) mass measured 
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by the BES Collaboration [4], the total widths of the 3 1 S'o and 4 x 5o ss states are predicted to be 
about 438 MeV and 125 MeV, respectively. Also, the variation of the total widths of the 4 1 S'o 
and 3 1 5o ss states with the initial state mass shows that, in the mass region of the 77(2225), 
the total width of the 4 1 S'o ss state lies in the range about 100 ~ 132 MeV, while the total 
width of the 3 1 Sq ss state lies in the range about 400 ~ 594 MeV. A comparison of the 3 Po 
model predictions and r j? ( 2 225) = (0.19 ± 0.03l{$£) GeV reported by the BES Collaboration^] 
indicates that it would be very difficult to identify the 77(2225) as the 3 1 Sq ss state, while the 
assignment of the 77(2225) as the 4 1 So ss state seems reasonable to reproduce the total width of 
the r/(2225). We therefore tend to conclude that the r/(2225) may be a good candidate for the 
4 1 So ss state. 
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Appendix A: The amplitudes for the 4 1 Sq qq decay in 3 Pq model 



- , ^m| + m 2 m 3 +,n 2 )]P 2 

3^( mi + m3 yHm 2+m3 )^ EaEb E c — J -(f 1 +f 2 ) P 

X |^8505/3 6 (mi + m 3 ) 6 (m 2 + m3) 6 (3m i m2 + 2mi 1T13 + 2m2t7i3 + m 3 ) — 1134/3 4 (mi + m^) 4 
X (m 2 + m3) 4 (7mim2 + 6mim3 + 6m 2 m 3 + 5m 3 )(m 2 m 3 + 2mim2 + mim 3 ) 2 P 2 
+ 108/3 2 (mi + m 3 ) 2 (m 2 ~t~ m 3 ) 2 (5mim2 + 6)1111113 + 6m2iTt3 + 7m^)(m2m 3 + 2mim2 + 
— 8(m2m3 + 2m\m2 + mim3)^(mim2 + 2mim3 + 2m2m3 + 3m 2 )P^J 
\/2 1 



/l05/3 15 /2 (mi + m 3 ) 7 (m 2 + m 3 ) 7 

A1 iS (4 1 S -> l 3 Si + 1 1 S ) = 

[mi m 2(-"2-m 3 V3+m^^mj(m^m 2 m3 + ^)]P 2 

ie ~ 3^(„ 1+ „3)2( m 2 + „ 3 )2 y / E a B i) B c -A I (/i - / 2 )P 

X |^8505/3^(mi + m 3 ) 6 (m2 + m3) 6 (3mim2 + 2mi 7713 + 2m 2 m 3 + m 2 ) — 1134/3 4 (mi + m 3 ) 4 

X (m 2 + m 3 ) 4 (7mim2 + 6m 1 7713 +6m 2 m3 -|-5m 3 )(m 2 1713 -f- 2mim 2 + mim3) 2 P 2 

2 2 2 2 4 4 

+ 108/3 (mi + m 3 ) (m 2 + 013) (5mim2 + 6mim 3 + 6m 2 m3 + 7m 3 )(m2m3 + 2mim2 + mim 3 ) P 

— 8(m2iri3 + 2m]m2 + mim 3 ) 6 (mim2 + 2mim 3 + 2m 2 m3 + 3m 2 )P 6 J 
1 1 



(A.l) 



19683^I05/3 1S / 2 (mi + m 3 ) 7 (m 2 + m 3 ) 7 



(A.2) 



-[[m 1 m2(m 2 - m 3)m3+ m ^^ m j(m^m2m 3 4-m^)]t 



A1 iS (4 1 S -> I 3 A) + l 1 So) = iie 3/3 2 ( m i+ m3 ) 2 ( m2 + m3 ) 2 / E a E b E c — 

V 7T 3 / 4 



X <U/l + / 2 ) 



81/3V2 



+ (4m 2 m 2 + 3m2)D,2 + 19rai m^m^ + 23mim,2m 2 ; + 6mim,g + 19m^m,2 + 28m^m2m3 + 10m 2 mg)/ij 

-V70 1 n 
x p z 

729/3 5 / 2 (mi + m 3 ) 2 (m 2 + m 3 ) 2 

[22 2 2 2 2 1 

(m 2 + m3)(5m 1 m2 + 6m2m 3 + 12mim2m 3 + mim 3 )/2 + ( m l + m 3)( m 2 m 3 + 5raim 2 + 12mim 2 m3 + 6mim 3 )/i 

2v^4 1 , 



X (m.2m 3 + 2mjm2 + mim 3 ) 



729y/5(3 9 / 2 (mi + m 3 ) 4 (m 2 + m 3 ) 4 



[ 22 3222 22 2 2 3 

(14m 2 m 3 + 18m 2 m 3 + Sm^m^ + 5m 1 m2m 3 - 4m 1 m 3 + 20mim 2 m 3 + 25mim2m 3 — 3mimj)/2 

22 3222 22 2 2 3 1 

+ ( — 4m 2 m 3 — 3m2 m 3 + 5m 1 m 2 + 20m 1 m,2m 3 + 14m^m^ + 5mim 2 m 3 + 25mim2m 3 + 18mim 3 )/i 

4 -4V2 1 G 

X (m-2 m 3 + 2mi + mi m 3 ) 



6561^35/3 13 / 2 (mi + m 3 ) 6 (m 2 + m 3 ) 

m 3 + 2mim 2 

■} 

A1 Z/S (4 1 S -> 1 3 P 2 + 1 1 S ) = ife 3/3 2 ( m i+ m3 )2 (m2 +™3) 2 J E a E b E c — \— 

V 7T 3 / 4 

{ 



2 8V2 1 , , 

X (mi mo + 2mi m3 + 2mo m 3 4- 3m., ) P > (A. 3) 

177147v / 35/3 17 / 2 ( mi + m3) s (m 2 + m 3 )® ' 

-[(m 1 m2( m2 -"3)'"3+"'2 m 3 + '°j''"2+ m 2°'3 +m 3>l t 



4032(/i +12)0 



mi + m 3 m 2 + m 3 / 19683 v/35/3 41 / 2 

r ( 2 22 2 2 2 \2 

f 2m2m 3 (10m2 + 9m 3 J + m-^ (17m 2 + 17m,2m 3 + 2m 3 ) + mim 3 (44m 2 + 49m2m 3 + 9m 3 J J 35/3 fi 

( 2 2 222 2\2 

m 2 m 3 (2m2 + 9m 3 J + m\ m 3 (17m 2 + 49m,2m 3 + 18m 3 j + mj (17m 2 + 44m2m 3 + 20m 3 J J 35/3 /i 



128(/i + / 2 )m 2 m?P 2 l ■ P 2 

1 2 J 2187 V / 35/3 9 / 2 (mi +m 3 ) 2 (m 2 +m 3 ) 2 



)- ^2m 2 m 3 (26m 2 + 27m 3 ) + m 2 (37m| + 37m2 m 3 — 2m 2 ) + mi m 3 (100m 2 . + 113m2 m 3 + 9m| )^ f'2 

( 2 22 2 2 2\1 

m 2 m 3 (9m 3 — 2m 2 ) + nij (37m 2 + 100m 2 m 3 + 52m 3 ) + mi m 3 (37m 2 + 113m2 m 3 + 54m 3 ) J f\ 

2 -4>/7 1 4 

X (m 2 m 3 + 2raim2 + mim 3 ) — ■ -P 

6561 v^/39/ 2 (mi +m 3 ) 4 (m 2 +m 3 ) 4 

r/ 2 22 3 2 2\ 

(- I (2m 2 m 3 (22m 2 + 27m 3 ) + m^ (23m 2 + IZm^ m 3 — 10m 2 ) + mim 3 (68m 2 + 79m2 m 3 — 9m 3 ) J / 2 

^(m 2 (23m 2 + 68m 2 m 3 + 44m 2 ) — m 2 m 2 (10m2 + 9m 3 ) + mi m 3 (23m 2 + 79m2m 3 + 54m 2 )^ f\ j 

X (m 2 m 3 + 2mim 2 + mim 3 ) 4 — T£" p6 

19683V35/3 13 / 2 (mi + m 3 )6(m 2 + m 3 )6 

f- [(mim 2 — mim 3 + 2m 2 m 3 )/ 2 + (mi m.2 + 2mim 3 — m 2 m 3 )/i] (m 2 m 3 + 2mim 2 + m\m^) 6 
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-P 8 \ 
) 8 J 



X (mim 2 + 2m 1 m 3 + 2m 2 m 3 + 3m 3 ) — ■ — ■ — P > (A. 4) 

177147 v^S5/3 17 / 2 (mi + m 3 ) s (m 2 + m 3 ) 8 

A1 I ' S (4 1 So 2 3 Si + l^o) = 7e 3<3 2 (mi+™ 3 ) 2 ( m2 +™ 3 ) 2 / Ea E b E c -L--P(f 2 - A) 

V 7T 3 / 4 

(mi + m 3) S ( m 2 + m3) 8 (53mi m.2 + 46mi 7713 + 34m. + 27m 2 , ) 
— 3402/3^ (mi + 7713)^(7712 + m 3) 6 ^Om^m^ (^ m 2 + 3m.3) + 61mim2m3(46m2 + 91m2m3 + 35m 2 )^ 
+ 3mjm 3 (208m2 + A97rn^m^ + 334m 2 777 2 + 65m|) + mi(419m| + 1098m 2 , m 3 + S85m 2 m3 + 226m3)J P 2 

[2 2 2 2 2 2 1 

2m2m 3 (4m2 + 2I1713) + m 1 (95m2 + 263m277i 3 + 134m 3 ) + 77717773(1167712 + 331t772T7i 3 + I477773 ) 

X 927/3 4 mi (mi + m3) 4 (m 2 + 777,3 ) 4 (7772777,3 + 2mim2 + mim3) 2 P 4 

[ 33 22 2232 23 

Ifirn^Tig — 6mi 777277i3(l6m2 + 5I77727773 + 277773) + 3 771 3 (24m^ + 139m 2 m 3 + 266m,2rn^ + 135m 3 ) 

+ m^(89m2 + 438777.2777,3 + 675m 2 m 2 + 310m|)j 24/3 2 (mi + m3) 2 (m.2 + 777,3 ) 3 ( m 2 m 3 + 2777,im 2 + mi 777,3 ) 4 P 6 

+ 16(m 2 m3 + 2mim 2 + "ii"i3) 6 (™2 m 3 ~~ mim 2 — 2mi 777,3 ) 2 (mi 777.2 + 2mim3 + 2777.27773 + 3m 2 )P 8 j- 
i i 

(A.5) 



' 531441 V70/3 19 / 2 (mi + m 3 ) 9 (m 2 + m 3 ) 9 



A1"°(4 1 S -> l°Di + l l S ) = "/e 3 p-(mi+ m3 r (m2 +m 3 r ^/ E a E b E c —— 

V 7T 3 / 4 



{[( 
( 



11907m 2 (m 2 + 4m 3 )P 2 162m| (43m 2 + 18m 3 )P 4 4m^ (89m 2 + 216m 3 )P 6 8m 7 (m 2 + 2m 3 )P 8 
/3 2 (m 2 +m 3 ) 2 /3 4 (m 2 +m 3 ) 4 + f3<i(m 2 +m 3 )6 + s (m 2 + m 3 ) s 

3402m 2 (15m 2 + 14m 3 )P 2 324m 3 (97m 2 + 138m 3 ) P 4 8m| (443m 2 + 702m 3 )P 6 32m 7 (3m 2 + 5m 3 )P 



/3 2 (m 2 +m 3 ) 2 ,3 4 (m 2 +m 3 ) 4 /36(m 2 +m 3 ) 6 /3 s (m 2 +m 3 ) 8 

-2\/2 m x P 



/ 2 



885735V / 7/3 3 / 2 i»i + m 3 
[2 (-1701/3 6 (m 2 + m 3 ) 6 (23m 2 + 22m 3 ) + 81/3 4 m 2 (m 2 + m 3 ) 4 (32m 2 + 141m 3 )P : 

+ 12,3 2 m 2 (m 2 + m 3 ) 2 (37m 2 + 63m 3 )P 4 - 4m^ (4m 2 + 5m 3 )P 6 ) /i 

(-1701/3 6 (m 2 + m 3 ) 6 (22m 2 + m 3 ) + 486,3 4 m^ (2m 2 - 47m 3 )(m 2 + m 3 ) 4 P 2 

+ 12,3 2 m 2 (m 2 +m 3 ) 2 (214m 2 + 549m 3 )P 4 -8m 2 (18m 2 + 37m 3 )P 6 ) f 2 



2V2 m 2 P 3 



-567/3"(40/i + 29/ 2 ) - 



885735v / 7/3 19 / 2 (m 2 + m 3 ) 7 (mi + m 3 ) 2 
162/3 4 m 2 (129m 2 /i + 276m 3 /i + 127m 2 / 2 + 18m 3 / 2 )P 2 



(m 2 + m 3 ) 2 

4/3 2 m|(218m 2 /i +468m 3 /i + 427m 2 f 2 - 468m 3 / 2 )P 4 8m*(9m 2 /i + 16m 3 /i + 5m 2 / 2 +26m 3 / 2 )P 6 



(m 2 +m 3 ) 4 (m 2 +m 3 ) 6 
-2V2 m 3 P 3 



885735V7/3 19 / 2 (mi + m 3 ) 3 

+ [81/3 4 (m 2 + m 3 ) 4 (50m 2 /i + 132m 3 /i + 40m 2 f 2 + 15m 3 / 2 ) - 2,3 2 m 2 (m 2 + m 3 ) 2 (752m 2 /i + 1647m 3 /i + 628m 2 / 2 + 378m 3 / 2 )P 2 

A A l -4V2 mfP 5 

+ 4m*(2m 2 /! - 5m 3 /i + 12m 2 / 2 + 5m 3 / 2 )P 4 — — i- — 

- 1 885735v / 7/3 19 / 2 (m 2 + m 3 )°(mi + m 3 ) 4 

f [81^ 4 (16/i +3/ 2 )(m 2 +m 3 ) 4 + 6/3 2 m 2 (m 2 + m 3 ) 2 (133m 2 /i + 468m 3 /i + 20m 2 / 2 +72m 3 / 2 )P 2 

4V2 m b .P 5 



- 4m 3 (19m 2 /i + 26m 3 A + 9m 2 f 2 + 16m 3 / 2 )P 4 „ ; -.- - 

J 885735^7/3 19 / 2 (m 2 +m 3 ) 4 (mi + m 3 ) 5 

[/3 2 (m 2 +m 3 ) 2 (122m 2 /i - 396m 3 /i + 118m 2 / 2 - 9m 3 / 2 ) + 2m 2 (16m 2 /i +37m 3 /i - 2m 2 / 2 + 5m 3 / 2 )P 2 

-8%/2 m^P 7 
885735 ^7fj 19 / 2 (m 2 + m 3 ) 3 (mi + m 3 ) 6 ) 

-8^2 mT 



■ [/3 2 (104/i +25/ 2 )(m 2 + m 3 ) 2 + 2m 2 (m 2 /i + 20m 3 j\ - 3m 2 f 2 - 2m 3 / 2 )P 2 

16^2 m 8 P 9 16^2 
- [4(m 2 - m 3 )/l + ™ 3 / 2 ] -=- r — r, -r + (4/l " /2) 



885735V7/3 19 / 2 (m 2 + m 3 ) 2 ( mi + m a ) 7 



885735^7/319/2 (m 2 + m 3 )(mi + m 3 ) 8 2657205 V7/3 19 / 2 (m x + m 3 ) 9 

49329m|(m 2 + m 3 ) 6 P 2 + 5103m 2 (m 2 + m 3 ) 7 P 2 



/3 4 

24m 7 (m 2 + m 3 )P 8 - 8m 8 P 8 ' 



m 2 /i 



8 34020m 2 (m 2 + m 3 ) 6 P 2 + 112266m 2 (m 2 + m 3 ) 7 P 2 
-178605(m 2 + m 3 ) H — 

3888m|(m 2 + m 3 ) 4 P 4 - 32076m| (m 2 + m 3 ) S P 4 2376m| (m 2 + m 3 ) 3 P 6 - 624m^(m 2 + m 3 ) 2 P 6 
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16m? P 8 - 48n 



2m 2 / 2 



-2V2 

2657205^7 : /3 3 ' ' 2 (m 2 + 7773 



(A 



Appendix B: The amplitudes for the 3 1 Sq qq decay in 3 Pq model 

-[( miTO2 ( TO2 - m3 ) m 3+ m | m | + m ^( m | + m2m3 + m ^)]P 2 
A1 LS (3 1 5 ^2 3 S 1 +l 1 So)=7e 3/3 2 ( mi +™ 3 ) 2 (™ 2 + m 3) 2 ~ _ E a E b E c —^(f 1 - f 2 )P 

^ ^405/3 6 (mi + 7713 )^ (m2 + 7713 ) 6 (63m 1 7712 + 70m 1 7713 + 50m2 7713 + 57m 2 ) — 54/3 4 (mi + 7713 ) 4 (m2 + ^13 ) 4 

(3324 22 233 2 23 

22m 2 m 2 + 45m 2 m.3 + mi 7712 ^3 (163m 2 + 472m.2 7713 + 240m3 ) + m-^ (285m 2 + 1022m 2 m3 + 1022m2 + 308 m.3 ) 

+m\ m 3 (448m| + 1515m 2 , m 3 + 1328m 2 m 2 + 330ml)) j P 2 

[ 222 2/2 322 2 

36/3 (mi + m.3 ) (m2 + "13) (m2m3 + 2mim,2 + 171^3) I m 2 (2m2 — 3m3)m 3 — mim2m 3 (l3m 2 + 46m2m3 + 18m 3 ) 

+ m^(18m 2 + 88m 2 m.3 + 133m2 + 587713) + m 2 m.3(20m 2 + 96m 2 m3 + 16677127713 + 75mg))j P 4 

— 8(77127713 + 2mim2 + mi 7713 ) 4 (m2ra3 — mi 7712 — 2m 1 7713 ) 2 (mi 7712 + 2mim3 + 277127713 + 3mg)P 6 j- 
1 1 

(B.l) 



-[(™im 2 (m2-m3)m3 + m|m§+m^(m^+m 2 m3+mg)]P^ 



196S3V^5/3 15 / 2 ("il + m 3 ) 7 (m 2 + m 3 ) 7 

I [K»2(__ , , _ 

M LS (3 1 S -» l 3 Di + 1 1 S ) = 4 7 e 3/3 2 ( ml + m3 ) 2 ( m2 +™3) 2 / E a E b E c ——P 

V 7T 3 / 4 

^ [ ^405/3 6 (mi + 7773 ) 6 (m 2 + m3) 6 (3m i m 2 + 14m i 7713 — llm 2 m3 ) + 27/3 4 (mi + m 3 ) 4 (m 2 + 7773 ) 4 (50ml 1 7773 + ZZrn^rn^) 

2 2 2332 23 

+ 77717712 m 3 (203777 2 + 68m 2 m 3 - 84mJ) + m^^m^ - 374m 2 1713 — 608m2m 3 — 224m 3 ) 

2 S 2 2 3 \ 2 2 2 2 2 

-T7i 1 m3(-152m 2 + 423m 2 m3 + 776m2m 3 + 252m 3 ) J P + 36/3 (mi + 7713) (m-2 + "13) (77127713 + 2mim2 + 77117713) 

X |m.2 {m.2 — 3m3 )m^ — 4mi 7712 m 2 (2m 2 . + 8m2m3 + 3m 2 ) + m^ (3m 2 + 26m 2 1713 + 53m.2m 2 + 26m^) 

232 23^4/ 4 2 

+ 77^7713 (4m 2 + 27m 2 m3 + 7I7712 m 3 + 36m 3 ) J P — I 4(77127713 + 2mi 7712 + mi 7713) (77127713 — mi m.2 + 277117713) 

x(mim.2 + 2mi77i3 + 2m2m3 + 3m 2 )) P^j f\ 

+ ^405/3^(mi + m^ )^ ( m 2 H~ m 3) 6 ( — 3mjm2 — 14m2 (113 -f- llmim3) + 27/3 4 (mi + ^3) 4 ("J'2 + 7713 ) 4 (224m 2 7713 + 252m 2 m 4 ) 

4- 4m 1 rti2 m 2 (152m 2 + 194m2 1113 + 21m 2 . ) — m^ (27m 2 + 152m 2 rri3 + 203m2 m 2 + 5O7713 ) 

+ m 1 m3 (374m 2 + 423m 2 7713 — 687712 m 3 - 33m|)) P 2 - 36/3 2 (mi + m 3 ) 2 (m 2 + m 3 ) 2 (m 2 m 3 + 2m,™ 2 + mim 3 ) 2 

( 23 22 2332 23 

2m 2 m3(13m 2 + 18m3) + mim 2 7773(53m 2 + 71m 2 m3 — 12m 3 ) + mi(3m 2 + 4m 2 m3 — 8m 2 m 3 + m 3 ) 

+ m 2 m 3 (26m 2 + 27m 2 7773 — 32m 2 m 2 — 3mij)j P 4 + (4(7771 m 2 — mim 3 -f 2m 2 m 3 ) 2 (m 2 m 3 -f- 2m i m 2 + mi 7773 ) 4 

X(mim 2 + 2mim 3 + 2m 2 m 3 + 3m 2 )) P 6 ] / 2 ) ]_ — (B.2) 

J / J J 98415V3/3 15 / 2 (7771 + m 3 ) 7 (m 2 + m 3 ) 7 

The amplitudes of 3^0 l 3 ^! + l 3 Si, l 3 ^ + l 1 ^, 1 3 P + l^o and 1 3 P 2 + l 1 ^ are taken 
from Appendix A of Ref. [8] . 

Appendix C: Flavor and charge multiplicity factors 

The flavor factors /i and / 2 can be calculated using the matrix notation introduced in Ref. [13] 
with the meson flavor wavefunctions following the conventions of Ref. [29] for the special process 
with definite charges like ss — > K* + K~ . In order to obtain the general (i.e. charge independent) 
width of decays like ss — ► K*K, one should multiply the width T(ss — ► K* + K~) by a charge 
multiplicity factor T . The /i, / 2 and J 7 for all the processes considered in this work are given 
in Table 2. 
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Table 2: Flavor and charge multiplicity factors 



General decay subprocess f\ ji T 

ss^K*K ss^K*+K- 4 

ss^K$(U30)K ss K£ + (U30)K- 4 

ss -> K%{U30)K ss -> K; + (U30)K- 4 

ss -> K*(1580)K ss -> K*+(1580)K- 4 

ss ->■ K*(1680)K ss K*+(1680)K- 4 

ss -► i^if* ss -► K* + K*- — i= 2 

SS -^00 SS -► 00 +^ | 
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